concentration ([Ca 2ϩ ]i) overload in CMECs may increase the synthesis of intercellular adhesion molecules (ICAM), which is potentially involved in myocardial reperfusion injury. The present study tested the hypothesis that NHE plays a crucial role in [Ca 2ϩ ]i overload and ICAM-1 synthesis in CMECs. Primary cultures of CMECs isolated from adult rat hearts were subjected to acidic hypoxia for 30 min followed by reoxygenation. Two structurally distinct NHE inhibitors, cariporide and 5-(N-N-dimethyl)-amiloride (DMA), had no significant effect on the acidic hypoxia-induced decrease in intracellular pH (pHi) of CMECs but significantly retarded pHi recovery after reoxygenation. These NHE inhibitors abolished the hypoxia-and reoxygenation-induced increase in [Ca 2ϩ ]i. Expression of ICAM-1 mRNA was markedly increased in the vehicle-treated CMECs 3 h after reoxygenation, and this was significantly inhibited by treatment with cariporide, DMA, or Ca 2ϩ -free buffer. In addition, enhanced ICAM-I protein expression on the cell surface of CMECs 8 h after reoxygenation was attenuated by treatment with cariporide, DMA, or Ca 2ϩ -free buffer. These results suggest that NHE plays a crucial role in the rise of [Ca 2ϩ ]i and ICAM-1 expression during acidic hypoxia/reoxygenation in CMECs. We propose that inhibition of ICAM-1 expression in CMECs may represent a novel mechanism of action of NHE inhibitors against ischemia-reperfusion injury. myocardial ischemia-reperfusion; intracellular pH; intracellular Ca 2ϩ ; intercellular adhesion molecule-1 THE ROLE OF THE CORONARY MICROCIRCULATION in myocardial reperfusion injury has gained increasing attention in recent years. Enhanced expression of intercellular adhesion molecules (ICAM) in coronary microvascular endothelial cells (CMECs) has been demonstrated to play a crucial role in myocardial reperfusion injury in vivo (13) . Neutrophil interaction with CMECs through ICAM provokes mechanical obstruction of small vessels and chemical assault to adjacent cells, including cardiomyocytes (6, 8) . The importance of ICAM in the development of myocardial reperfusion injury has prompted us to investigate the mechanism for ICAM expression in CMECs under the condition of simulated ischemia in vitro.
The release of adhesion molecules from CMECs at the time of reperfusion is presumed to occur as a response to injurious stress incurred by ischemia and reperfusion. Although various events are implicated in this stress, intracellular Ca 2ϩ concentration ([Ca 2ϩ ] i ) overload has been thought to be the major pathogenesis of ischemia-reperfusion injury (24) . In cardiomyocytes, [Ca 2ϩ ] i overload during ischemia and reperfusion is provoked predominantly through an Na ϩ /H ϩ exchange (NHE)-dependent mechanism, which is activated during recovery from intracellular acidosis (17, 25) . Recent experimental studies (9, 10, 20) have indeed demonstrated the benefit of employing NHE inhibitors in alleviating postischemic myocardial injury. However, those in vivo studies did not discriminate the beneficial effects of NHE inhibitors on cardiomyocytes from those on endothelial cells. It is anticipated that endothelial cells may also be involved in myocardial reperfusion injury by enhanced expression of ICAM through NHE-induced [Ca 2ϩ ] i overload. In the present study, we tested the hypothesis that NHE-induced [Ca 2ϩ ] i overload plays an essential role in ICAM-1 expression in cultured CMECs subjected to simulated ischemia and reperfusion.
METHODS
Cell culture. An axenic culture of rat CMECs were prepared according to Nishida et al. (22) . Briefly, hearts obtained from male Sprague-Dawley rats (250-300 g) were perfused for 5 min in a Langendorff apparatus with KrebsHenseleit bicarbonate (KHB) buffer consisting of (in mmol/l) 118 NaCl, 4.7 KCl, 2.55 CaCl2, 1.18 MgSO4, 1.18 KH2PO4, 24.8 NaHCO3, and 11.1 glucose, saturated with a 95% O2-5% CO 2 gas mixture at pH 7.4. The left ventricular myocardial tissue was then quickly removed and immersed in 70% ethanol for 30 s to devitalize endocardial endothelial cells. The outer one-fourth of the left ventricular free wall was dissected away to remove epicardial large vessels, and the remaining heart tissue was minced finely and incubated in Ca 2ϩ -free KHB buffer containing 0.2% collagenase and 0.02% trypsin for 30 min at 37°C. The cells obtained were filtered through a 100-m mesh filter and washed with Ca 2ϩ -free KHB buffer, followed by centrifugation at 100 g for 1 min twice. The cells were resuspended in DMEM supplemented with 20% fetal calf serum and antibiotics (100 IU/ml penicillin and 100 g/ml streptomycin) and plated on glass-bottom dishes (Matsunani Glass; Osaka, Japan).
Validation of the axenic culture. A fluorescent reagent specific to endothelial cells, acetylated low-density lipoprotein (LDL) labeled with 1,1Ј-dioctadecyl-1,3,3,3Ј,3Ј-tetramethyl-indocarbocyanine (DiI-Ac-LDL) (Paesel and Lorei; Duisburg, Germany), was added to the cultured cells at 10 g/ml and incubated overnight at 37°C. The dye uptake was viewed with a confocal laser microscope at an emission wavelength of 590 nm with an excitation at 568 nm (Fluo View, Olympus; Tokyo, Japan). In the same manner, 10 g/ml DiI-Ac-LDL was added to the cultured cells and incubated overnight at 37°C. The DiI-Ac-LDL-loaded cells were analyzed with a fluorescence-activated cell sorter (FACS; BectonDickinson; San Jose, CA).
Measurements of intracellular pH. The intracellular pH (pHi) and [Ca 2ϩ ]i under conditions of both acidic hypoxia and reoxygenation were measured in the absence (0.1% DMSO only added as a vehicle) or the presence of two structurally distinct NHE inhibitors, 5-(N-N-dimethyl)-amiloride (DMA; Sigma) and 4-isopropyl-3-methylsulphonyl-guanidine methanesulphonate (HOE-642, cariporide; gift of Hoechst AG; Frankfurt, Germany). Low concentrations of DMA (30 mol/l) and cariporide (3 mol/l) were employed to elicit a specific effect on NHE, whereas high concentrations of DMA (100 mol/l) and cariporide (10 mol/l) are known to exert a nearly maximum effect on NHE. pH i and [Ca 2ϩ ]i were measured according to previous reports (3, 23) . Cultured CMECs in a glass-bottom dish with a cover glass were placed on an inverted fluorescence microscope (BH2-QRFL, Olympus) equipped with a ϫ40 immersion fluorescence lens at 37°C, and the microscope was focused on single cells. pHi measurements were performed on cells loaded with a pH-sensitive fluorescent dye, 5 mol/l 2Ј,7Ј-bis-(2-carboxyethyl)-5-(and -6)-carboxyfluorescein-AM (Wako Pure Chemical; Osaka, Japan), which were treated for 20 min at 37°C in serum-free culture medium. The medium was then replaced with KHB buffer (pH 7.4) equilibrated with a gas mixture of 5% CO 2-95% air. With the use of a super-voltage xenon lamp as a light source, the fluorescence at an emission wavelength of 540 nm was measured with excitation at two wavelengths, 490 and 450 nm, and the control value of the fluorescence ratio was obtained. When the fluorescence ratio became stable, the solution was replaced by glucose-free KHB buffer adjusted at pH 6.8 with 5 N HCl. The hypoxic condition was maintained by equilibrating with a gas mixture of 5%CO2-95% N2 at 37°C. After 30 min under the hypoxic condition, reoxygenation was introduced with normal KHB buffer.
After each experiment was completed, 10 mol/l nigericin (Sigma), a H ϩ ionophore, was added to the pH calibration buffers [consisting of (in mmol/l) 10 HEPES, 120 KCl, and 25 NaCl] at pH 6.6, 6.8, 7.0, 7.2, and 7.4 and adjusted with 1 mol/l KOH, and the fluorescence intensity of each single cells was assayed according to a calibration curve for pH i.
Measurements of [Ca 2ϩ ]i. In the experiments with cariporide, [Ca 2ϩ ]i measurements were performed by loading the cells with 5 mol/l fura 2-AM (Wako Pure Chemical), a Ca 2ϩ -sensitive fluorescent dye, for 30 min at 37°C. The fluorescence at an emission wavelength of 510 nm was measured with excitation at two wavelengths, 340 and 380 nm, and the fluorescence ratio was determined at 5-min intervals under the same conditions as employed for pH i measurements. After each experiment was completed, 5 mol/l ionomycin (Sigma) was added to the Ca 2ϩ calibration buffer [consisting of (in mmol/l) 10 HEPES, 130 KCl, 120 NaCl, 2 EGTA, and 0.2, 0.4, 0.6, 0.8, 1.0, 1.2, 1.4, 1.6, or 1.8 CaCl2] at pH 7.05, adjusted with 1 mol/l KOH. Calibration curves were prepared for each treatment condition, and the Ca 2ϩ concentrations were obtained from the fluorescence intensity ratio. The concentration of Ca 2ϩ was calculated from the dissociation constants of Ca 2ϩ and EGTA as 214 nmol/l (37°C at pH 7.05) (7) .
Because DMA possesses autofluorescence at a wavelength of 340 nm, [Ca 2ϩ ]i measurements in DMA-treated CMECs were performed by loading cells with 5 mol/l fluo 3-AM (Wako Pure Chemical), a Ca 2ϩ -sensitive fluorescent, for 30 min at 37°C. Fluorescence was measured according to previous reports (12, 23) every 5 min under the same conditions as employed for pHi measurements at an emission wavelength of 530 nm with excitation at one wavelength, 490 nm. As in the [Ca 2ϩ ]i measurements with fura 2-AM, Ca 2ϩ calibration buffer and 5 mol/l ionomycin (Sigma) were employed, and a calibration curve was prepared for the determination of Ca 2ϩ concentrations.
Northern blot analysis for ICAM-1 mRNA. The level of ICAM-1 mRNA expressed in endothelial cells was determined by a Northern blotting assay using guanidinium isothiocyanate-cesium chloride centrifugation, fractionated on 1% agarose-formaldehyde gels, and transferred to nylon membranes as previously reported (21) . Blots were then hybridized with random-primed 32 P-labeled cDNA probes consisting of ICAM-1 and glyceraldehyde-3-phosphate dehydrogenase (GAPDH) as an internal control. Hybridized signals were measured by scanning densitometry, and ICAM-1 mRNA levels were arbitrarily normalized relative to the GAPDH mRNA levels. A 1,600-bp ICAM-1 cDNA was the gift of Dr. T. Horiuchi (Daiichi Pharmaceuticals, Tokyo, Japan).
CMECs were incubated overnight in serum-free DMEM and subjected to acidic hypoxia and reoxygenation in the absence or the presence of cariporide or DMA as employed in pHi and [Ca 2ϩ ]i measurements. Nominally Ca 2ϩ -free KHB buffer was also utilized during acidic hypoxia and reoxygenation to clarify the role of Ca 2ϩ in ICAM-1 expression. ICAM-1 mRNA levels were measured at 30 min and 1 and 3 h after reoxygenation.
Immunostaining for ICAM-1 protein. CMECs were incubated overnight in serum-free DMEM medium and subjected to acidic hypoxia and reoxygenation in the absence or the presence of cariporide or DMA as employed in pHi and [Ca 2ϩ ]i measurements. CMECs were also incubated in nominally Ca 2ϩ -free KHB buffer during acidic hypoxia and reoxygenation. CMECs obtained before exposure to acidic hypoxia and at 4 and 8 h after reoxygenation were fixed with 4% paraformaldehyde for 45 min at 4°C. The slides were first treated with anti-rat ICAM-1 mouse monoclonal antibody (R&D Systems; Oxford, UK) and then incubated with fluorescein isothiocyanate-conjugated anti-mouse rabbit immunoglobulin (Dako Japan; Tokyo, Japan) as a secondary antibody. The fluorescence was viewed with a confocal laser microscope (Fluo View, Olympus) at an emission wavelength of 535 nm with excitation at 488 nm.
All experiments were conducted in accordance with the Guidelines for the Care and Use of Laboratory Animals (NIH publication No. 86-23, Revised 1985) .
Statistics. All data are expressed as means Ϯ SE. Statistical analysis was performed with one-way ANOVA followed by pairwise contrasts (vehicle vs. treatments) using Dunnett's comparison test. Values of P Ͻ 0.05 were considered significant.
RESULTS
DiI-Ac-LDL uptake by cultured CMECs. Microvascular endothelial cells are known to incorporate DiI-Ac-LDL specifically in their cytosol (22) . All the cultured cells were found to incorporate DiI-Ac-LDL by observation with a confocal laser microscope, although the degree of uptake and the staining pattern were heterogeneous (Fig. 1A) . The purity of primary isolates of CMECs was confirmed by FACS. In contrast to unloaded cells, there was a distinct rightward shift in the peak fluorescence intensity (Fig. 2B) , revealing a relatively homogeneous pattern of the staining. Therefore, the low level of heterogeneous cell contamination in primary isolates of rat CMECs allowed us to avoid routine cell sorting of DiI-Ac-LDL-positive cells. However, FACS analysis of DiI-Ac-LDL-loaded rat CMECs was employed routinely as a means of validating the efficiency of the CMEC isolation technique.
Effects of cariporide and DMA on pH i during acidic hypoxia and reoxygenation in CMECs. Acidic hypoxia resulted in a rapid decrease of pH i in CMECs (Fig. 2) . The rate and the magnitude of the decline of pH i during acidic hypoxia were not significantly different among CMECs treated with vehicle and low and high concentrations of NHE inhibitors. Upon reoxygenation, however, rapid recovery of pH i was noted only in the vehicle-treated CMECs, and pH i returned to the baseline level by 15 min after reoxygenation in these CMECs. In contrast, the recovery of pH i after reoxygenation was significantly retarded in CMECs treated with low and high concentrations of cariporide or DMA. However, the pH i of these CMECs returned to the baseline level by 30 min after reoxygenation.
Effects of cariporide and DMA on [Ca 2ϩ ] i during acidic hypoxia and reoxygenation in CMECs. In the fura 2-loaded CMECs, significant elevation of [Ca 2ϩ ] i was observed 15 min after acidic hypoxia (Fig. 3A) . There was nearly fourfold increase in [Ca 2ϩ ] i level at (Fig. 4B) (Fig. 4) . However, ICAM-1 mRNA expression was markedly increased 3 h after reoxygenation in these CMECs. Treatment with a high dose of cariporide, DMA, or nominally Ca 2ϩ -free buffer during acidic hypoxia and reoxygenation markedly attenuated ICAM-1 mRNA expression 3 h after reoxygenation. Quantitative analysis showed that expression of ICAM-1 mRNA 3 h after reoxygenation was highly significantly inhibited in CMECs treated with cariporide, DMA, or Ca 2ϩ -free buffer. There were no significant differences in ICAM-1 mRNA expression among the cariporide, DMA, and Ca 2ϩ -free buffer groups.
Effects of cariporide, DMA, and Ca

2ϩ -free buffer on expression of ICAM-1 protein in CMECs.
Immunofluorescent confocal laser microscopy showed no appreciable expression of ICAM-1 protein on CMECs before acidic hypoxia (Fig. 5A) . However, ICAM-1 protein expression was enhanced in vehicle-treated CMECs 4 h after reoxygenation (Fig. 5B) . The immunofluorescence staining was predominantly localized on the cell surface, indicating the localization of ICAM-I protein on the cell membrane. The immunofluorescence staining was markedly increased 8 h after reoxygenation (Fig. 5C ). Treatment with a high dose of cariporide, DMA, or Ca 2ϩ -free buffer during acidic hypoxia and Fig. 2 . Effects of cariporide and 5-(N-N-dimethyl)-amiloride (DMA) on intracellular pH (pHi) during acidic hypoxia and reoxygenation in rat CMECs. CMECs were loaded with a pH-sensitive fluorescent dye, 5 mol/l 2,7-bis-(2-carboxyethyl)-5-(and -6)-carboxyfluorescein-AM, and pHi measurements were performed as described in METHODS. ᮀ, Vehicle (0.1% DMSO); F, 3 mol/l cariporide; E, 10 mol/l cariporide; OE, 30 mol/l DMA; ‚, 100 mol/l DMA. Each symbol represents the mean Ϯ SE of at least 6 experiments. *P Ͻ 0.05 and **P Ͻ 0.01 compared with vehicle. reoxygenation attenuated ICAM-1 protein expression on CMECs (Fig. 5, D-F) . Similar results were observed in four other separate experiments in each group.
DISCUSSION
Rationale for employing CMECs. The mechanism for expression of adhesion molecules has been extensively investigated in cultured vascular endothelial cells (11, 16, 19) . However, those studies employed endothelial cell types other than CMECs. It is known that the phenotypic differences in vascular endothelial cells markedly influence physiological responses and gene expression. For example, endothelial cells derived from the large vessels are positive for the von Willebrand factor, whereas those derived from the small vessels are lacking in granular immunoreactivity for this commonly used endothelial cell marker (22) . Moreover, microvascular endothelial cells contribute directly to tissue injury by expressing adhesion molecules under certain pathological conditions. Inflammatory cell adherence with endothelial cells in the capillaries deteriorates the microcirculation by obstructing the vessel lumen, which hardly ever occurs in the large vessels. These inflammatory cells can also readily gain access to cardiomyocytes and attack them by releasing reactive oxygen species and cytokines. Accordingly, the role of endothelial cell synthesis of adhesion molecules in acute tissue injury is more crucial in the microcirculation than in large vessels. Therefore, we employed CMECs to investigate the possible involvement of a NHE mechanism, a major pathogenesis of myocardial reperfusion injury (10, 20, 24) , in ICAM-1 expression. The results of the present study provide evidence, for the first time, that NHE plays a crucial role in [Ca 2ϩ ] i overload and ICAM-1 expression during acidic hypoxia and reoxygenation in CMECs.
Role of NHE in pH i and [Ca 2ϩ
] i regulations in CMECs. It was found that pH i in CMECs decreased with time starting immediately after exposure to acidic hypoxia irrespective of the absence or presence of NHE inhibitors without a significant intergroup difference. This result was unexpected, because the use of NHE inhibitors was thought to further decrease pH i during acidic hypoxia. Because the high concentration of DMA and cariporide employed in the present study is known to exert a nearly maximum effect on NHE activities in vitro, it is unlikely that these NHE inhibitors failed to block NHE activities in cultured CMECs. It is rather likely that these NHE inhibitors had no further effect under the acidic environment, because low extracellular pH inhibits NHE activity. Alternatively, when pH i decreases below extracellular pH, the NHE system could be activated and participated in pH i and ] i overload by NHE inhibitors prevents stimulation of Ca 2ϩ -activated ATPases and subsequent H ϩ production coupled with ATP hydrolysis in the ischemic rabbit myocardium (10) . A similar mechanism may be operative in our CMECs treated with NHE inhibitors during acidic hypoxia.
Upon reoxygenation at normal extracellular pH, pH i increased immediately and returned to the baseline level within 15 min after reoxygenation in the vehicletreated CMECs, whereas recovery of pH i after reoxygenation was significantly retarded in CMECs treated with NHE inhibitors. The evidence that the retarded Top: level of ICAM-1 mRNA expressed in CMECs was determined by a Northern blotting assay as described in METHODS. CMECs were incubated overnight in serum-free DMEM and subjected to acidic hypoxia and reoxygenation in the absence or presence of 10 mol/l cariporide or 100 mol/l DMA. CMECs were also subjected to acidic hypoxia and reoxygenation in nominally Ca 2ϩ -free buffer. ICAM-1 mRNA levels were measured at 30 min and 1 and 3 h after reoxygenation. ICAM-1 mRNA expression was markedly increased 3 h after reoxygenation in the vehicle-treated CMECs. Treatment with cariporide, DMA, or Ca 2ϩ -free buffer attenuated ICAM-1 mRNA expression 3 h after reoxygenation. Bottom: quantitative analysis showed that expression of ICAM-1 mRNA 3 h after reoxygenation was significantly inhibited in CMECs treated with cariporide, DMA, or Ca 2ϩ -free buffer. *P Ͻ 0.001 compared with reoxygenation (3 h) ϩ vehicle. GADPH, glyceraldehyde-3-phosphate dehydrogenase.
recovery of pH i was associated with inhibition of an increase in [Ca 2ϩ ] i in CMECs is consistent with the hypothesis that the NHE mechanism plays a critical role in the recovery from intracellular acidosis at the time of reoxygenation and is responsible for the rise of [Ca 2ϩ ] i during reoxygenation in CMECs. However, caution must be exerted in interpreting the results because the buffer contains HCO 3 Ϫ , which is known to participate in pH i recovery, especially when cellular ATP is depleted (18) . Thus the exact contribution of the NHE system to pH i recovery during reoxygenation in our experimental model remains to be determined. It is also possible that a high concentration of DMA and cariporide affected [Ca 2ϩ ] i levels during acidic hypoxia and reoxygenation through a mechanism independent of NHE inhibition. DMA at a high concentration is known to inhibit the Na ϩ /Ca 2ϩ exchanger (5) . This inhibition could alleviate [Ca 2ϩ ] i overload when the intracellular Na ϩ concentration is increased by inhibition of the Na ϩ pump during hypoxia. Similarly, a high concentration of cariporide may affect [Ca 2ϩ ] i levels through an as yet unknown mechanism independent of NHE inhibition.
Role (2, 4, 15) , the increase in [Ca 2ϩ ] i is responsible for activating intracellular signaling pathways, promoting ICAM-1 gene expression. This assumption is in contrast to the report of Kupatt et al. (14) , who proposed that a nitric oxidesensitive mechanism generating reactive oxygen species is responsible for enhanced ICAM-1 expression during reoxygenation in primary cultures of rat CMECs. A possible explanation for this difference in causative factors involved in ICAM-1 expression may be related to the difference in experimental models. In the experiments by Kupatt et al. (14) , CMECs were made hypoxic for 20 h followed by reoxygenation without artificially changing the buffer pH, whereas in our experiments CMECs were placed in acidic hypoxia for 30 min followed by sudden normalization of the buffer pH and reoxygenation. Therefore, in the former model, oxidative stress associated with hypoxia/reoxygenation may be the most important factor involved in enhanced ICAM-1 expression, whereas in the latter model [Ca 2ϩ ] i -free buffer on ICAM-1 protein expression in rat CMECs. CMECs were incubated overnight in serum-free DMEM medium and subjected to acidic hypoxia and reoxygenation in the absence or presence of 10 mol/l cariporide or 100 mol/l DMA. CMECs were also subjected to acidic hypoxia and reoxygenation in nominally Ca 2ϩ -free buffer. CMECs obtained before exposure to acidic hypoxia and at 4 and 8 h after reoxygenation were prepared for immunofluorescence staining for ICAM-1 as described in METHODS, and the fluorescence was viewed with a confocal laser microscope. There was no appreciable expression of ICAM-1 protein in CMECs before acidic hypoxia (A). The immunofluorescence staining was enhanced in the vehicle-treated CMECs 4 h after reoxygenation and was predominantly localized on the cell surface (B). The immunofluorescence staining was markedly increased 8 h after reoxygenation (C). Treatment with cariporide (D), DMA (E), or Ca 2ϩ -free buffer (F) attenuated ICAM-1 protein expression in CMECs 8 h after reoxygenation. Solid bars, 10 m.
overload, mediated presumably through the NHE system, plays a more crucial role in enhanced ICAM-1 expression. Nevertheless, these two essential components of ischemia-reperfusion injury in vivo could stimulate a common intracellular signaling pathway that converges in ICAM-1 expresssion.
Clinical implication. There is a growing body of evidence in favor of the notion that neutrophil adhesion with endothelial cells in the small vessels plays a crucial role in the progression of myocardial injury after ischemia and reperfusion. It has been reported that myocardial infarct size after temporary regional ischemia is reduced by neutrophil depletion at the time of reperfusion (27) or by inhibition of adhesion of neutrophils with vascular endothelial cells (28) . Rochitte et al. (26) recently reported that the area of "no-reflow" due to microvascular obstruction expands for up to 48 h during reperfusion after temporary regional ischemia, which is in accordance with an increase in infarct size. The role of neutrophil adhesion in exacerbating ischemia-reperfusion injury may not be confined to mechanical plugging of the small vessels but can also be attributed to chemical injury mediated by reactive oxygen species and cytokines released from neutrophils activated upon adhesion with CMECs. Neutrophil adhesion with endothelial cells is known to be promoted by a number of adhesion molecules, including ICAM-1, vascular cell adhesion molecules, and selectins. Although the present study examined the effect of NHE inhibitors on the expression of ICAM-1 only, it is likely that NHE inhibition is also effective in attenuating the expression of other endothelial cell adhesion molecules, because expression of those adhesion molecules shares a common intracellular signaling pathway with ICAM-1, i.e., transient [Ca 2ϩ ] i overload (1) . Treatment of the acutely ischemic heart with NHE inhibitors may inhibit neutrophil adhesion with CMECs and their activation by attenuating the expression of endothelial cell adhesion molecules. NHE inhibitors thus represent a promising tool in preventing neutrophil-mediated myocardial reperfusion injury. Such a potential benefit conferred by NHE inhibitors must be investigated further but should be considered as a novel mechanism of myocardial protection against reperfusion injury.
